Modeling of future water systems at the regional scale is a difficult task due to the complexity of current structures (multiple competing water uses, multiple actors, formal and informal rules) both temporally and spatially. Representing this complexity in the modeling process is a challenge that can be addressed by an interdisciplinary and holistic approach. The assessment of the water system of the Crans-Montana-Sierre area (Switzerland) and its evolution until 2050 were tackled by combining glaciological, hydrogeological, and hydrological measurements and modeling with the evaluation of water use through documentary, statistical and interview-based analyses. Four visions of future regional development were co-produced with a group of stakeholders and were then used as a basis for estimating future water demand. The comparison of the available water resource and the water demand at monthly time scale allowed us to conclude that for the four scenarios socioeconomic factors will impact on the future water systems more than climatic factors. An analysis of the sustainability of the current and future water systems based on four visions of regional development allowed us to identify those scenarios that will be more sustainable and that should be adopted by the decision-makers. The results were then presented to the stakeholders through five key messages. The challenges of communicating the results in such a way with stakeholders are discussed at the end of the article.
INTRODUCTION

W
ater resources management in the 21st century is facing great challenges in several parts of the world due to climate change, population growth, and increasing pressure placed on water resources by competing water uses. 1, 2 As the Intergovernmental Panel on Climate Change (IPCC) noted in 2007, the consequences of climate change for water systems include variations in discharge and sediment transfer, changes in the seasonal availability of water resources, and impacts on the wider hydrological cycle (rainfall, snow indices, altitude of the snowline, evaporation etc.). 3 Modeling of future water availability is generally achieved by calculating surface runoff with hydrological models driven by global or regional climate scenarios. 3, 4 Seasonality of flows in snowand glacier-fed rivers will change in the future-most notably with warming leading to more runoff during the cold season-and increased risk of drought in summer and autumn due to an earlier melt period. [5] [6] [7] In rain-dominated catchments, seasonality is increasing with higher flows during peak flow seasons and lower flows during low flow seasons. 3, 8 Water stress (situations when the water demand exceeds the available resource or when poor quality restricts its uses) does not depend only on factors related to climate; socioeconomic changes, population growth, and technological improvements also significantly influence future water needs. Modeling future water demand can be addressed in a simple way through estimating population growth in combination with changes in basic indices of water use per capita 1, 9 or in a more complex fashion by using more or less sophisticated water withdrawal projections. 2 The assessment of water stress is generally made at the continental, 1,2 country or large regional basin scales (see Ref 10 for the Mediterranean region; Refs 11, 12 for the Alps; Ref 13 for Europe). In a given regional or national context it is often through local institutions that water use is regulated, making them play a crucial role in determining water demand and hence water stress. At the local scale, one of the key challenges in predicting how the current water systems will evolve in the future is to calculate accurately the current water demand (see for demand calculation methodologies used in the Kitzbühel area, Austria) and to take into account these complex local management mechanisms-often characterized by a combination of formal and informal rules for sharing water and/or complex power relations between stakeholders-in modeling studies.
The aim of this article is to assess and compare the possible impacts of climate and socioeconomic changes in the mid-21st century in a small region situated in southwestern Switzerland (Figure 1 ), and to propose governance recommendations for the decision-makers. This interdisciplinary study was carried out on the territory of 11 municipalities, and aimed at quantifying current and future water availability and needs (blue water balance; see Ref 17 for a discussion). By combining hydrological modeling and cartographic and social science methods, the research aimed to answer three main questions: (1) what changes in water availability and water demand might occur by 2050? (2) how can we assess the impacts of socioeconomic changes on the water use system? (3) is the current and future water management system sustainable? The responses of these questions were based on interactive exchange between the interdisciplinary team of researchers and constant interaction with local stakeholders. In the concluding part, the importance of interdisciplinary and transdisciplinary research and the difficulties in communicating research results to stakeholders are discussed.
STUDY AREA AND METHODS
Study Area
The study area-the Crans-Montana-Sierre region-is situated in southwestern Switzerland, in the south-oriented right side of the Rhone river valley ( Figure 1 ). This area is known as the driest region in Switzerland with an annual mean rainfall rate of less than 600 mm on the valley floor (500 m ASL) and a steep precipitation gradient leading to important water availability at the higher altitudes (more than 2500 mm per year at 3000 m ASL), mostly falling as snow during the winter season. The hydrological regime of the various catchments is, therefore, nival to nivo-glacial, and the relatively large Glacier de la Plaine Morte (7.88 km 2 in 2011) covers part of the area. 18 Because of the characteristics of this flat glacier situated on a karstic basement, with waters either draining toward the North (Simme catchment) or to the South (the study area), the contribution of the glacier to runoff in the study area is poorly understood. 19 The economy is driven by tourism and agriculture ( Figure 1 ). Crans-Montana is one of the largest tourist resorts in Switzerland with more than 40,000 beds, a strong dominance of the winter season (ski), and a relative specialization on golf and hiking activities during the summer season. Agriculture is dominated by wine-growing in the lower parts of the area (<800 m ASL), whereas livestock is reducing rapidly. Both vineyards and meadows need irrigation during the summer season, and irrigation is also practiced in the residential zones, around individual houses. 20 The area was characterized by a strong population growth during the 20th century, with individual housing dominant, except in the city of Sierre.
Methods
Interdisciplinary research is at the core of the analysis. It was structured around a series of disciplinary substudies (climatology, hydrology, glaciology, water use system, and water management analysis), which were linked in a meaningful way. Throughout the research process, in order to deliver the desired interdisciplinarity, project researchers regularly met to exchange knowledge, to discuss and to link their findings, and to come to a joint evaluation of the sustainability of the water management system in place. 21, 22 The first stage was the characterization of the current water system. The hydrological analysis combined: (1) intense measurements in the field by the development of a network of climatological and hydrological stations, and in-depth measurements (e.g., evapotranspiration) in specific places; (2) geophysical surveys applying ground penetrating radar to determine the thickness of Glacier de la Plaine Morte 18 ; (3) hydrogeological survey and isotopic and chemical measurements in the Plaine Morte catchment in order to assess the contribution of glacier and snow melt to runoff in the study area 19 ; (4) 24 with about 2 km resolution. For each catchment, the representative pixels were used to compute daily precipitation gradients according to the corresponding mean elevation. These gradients were then applied to estimate daily precipitation for each element based on their mean elevation. Temperature was derived trough linear regression with altitude from a set of eight meteorological stations. As for precipitation, the estimated daily gradients were then applied to compute daily temperature for each element based on their mean elevation. The scale-independent parameters were established a priori with values obtained from the literature or from site experiments, and extrapolated in space based on stationary catchment attributes (mainly soil and land cover data). To some parameters, such as albedo, Leaf Area Index (LAI) and melt factors, monthly values were assigned according to the seasonal cycle. For the modeling of evapotranspiration and snowmelt in this topographically complex and generally south facing mountainous region, a special focus was put onto the correct modeling of radiation balance. Due to the complex geology 19 basin, delimitation was undertaken regarding all available information from tracer experiments and from geological profiles.
The water use system was studied, through intense documentary survey in the 11 administrations, in two steps 20, 25 : (1) description and cartography of the four main water use subsystems: hydropower production, domestic uses, irrigation, and tourist uses (artificial snowmaking and golf course irrigation). Immaterial uses (e.g., water landscapes), ecosystem services, and qualitative characteristics were not assessed; and (2) quantification of water needs at the communal and monthly scales. Current management was assessed through: (1) a survey mixing interviews with stakeholders and document review 26 ; (2) a qualitative assessment of various criteria of sustainability. 22 The second stage aimed at predicting future water resource and demand, and to assess changes in sustainability induced by several territorial development scenarios. Change in water management in the future is driven by two groups of factors: hydroclimatic and socioeconomic factors. Change provoked by climate change was addressed by using regional climatic scenarios. 27 29 and the hydrological model PIHM 23 were used. Regional climatic scenarios were also used to calculate changes for specific water needs, in particular irrigation and artificial snowmaking (see Ref 25 for details).
Changes driven by socioeconomic factors were identified through the co-production of knowledge, [30] [31] [32] [33] leading to four visions of development 34 (Table 1 ). The first vision-called growth strategy-considers that economic growth, based on mass tourism and built areas extension, is at the core of regional development. Agriculture continues to loose importance in the regional economy, and the population rapidly increases in the next decades. Two subscenarios (1a and 1b) consider different demographic increase rates. It is a kind of business-as-usual scenario, and in this vision, water issues are considered to be easily managed using technical measures. In the second vision (stabilization strategy), water is considered as one of the most important resources at the regional scale, and management is focused on optimizing water consumption (water demand management). In this vision, agriculture remains a core economic activity and therefore irrigation needs are thought to increase under a changing climate. The moderation strategy (vision 3) aims at improving the quality of life for residents and visitors, and individual measures for managing water are promoted. Finally, in the fourth vision-developed by the local stakeholders and considered as a shared vision of future development-economic growth is balanced by social needs (equity between citizens) and ecological considerations.
These visions were then translated into changes in the land use system in response to climate change (e.g., a rise in elevation of 100 m of the upper limit of vineyards due to warming in vision 2; reduction of irrigated surfaces in some scenarios; abandonment of artificial snow production in vision 3, etc.). Finally, future water demand was calculated for each vision, and compared with the current water use situation. 25 The evolution of the sustainability of water management was also assessed by an expert evaluation of the changes in each of the sustainability criteria used for the assessment of the current management. 22 This evaluation allowed us to show which scenarios would tend to more or less sustainability.
RESULTS
Water Resource
The Glacier de la Plaine Morte represents an important local long-term water reservoir. At present, the glacier has a maximum thickness of more than 200 m and an ice volume of about 0.8 km 3 . 18 Dye tracing of glacial melt water indicates that a significant fraction of glacier runoff is linked to the Crans-Montana-Sierre region over karstic pathways, although the glacier is entirely located north of the main water divide. 19 To calculate future changes in glacier mass balance, area, ice volume, and discharge, the glacio-hydrological model GERM 29 was applied. The model is calibrated on in situ field data 18 and is forced with Regional Climate Model (RCM) results. 27 Strong glacier mass loss is expected over the next decades being amplified by several positive feedback effects. The model indicates a complete disappearance of the Glacier de la Plaine Morte by about 2080. Owing to increased glacier melt and thus release of water from long-term glacial storage, higher glacier runoff is likely until 2050 (Figure 2 ). Toward the end of the century the glacier can however no longer provide additional melt water resulting in decreasing annual runoff, as well as a dramatic reduction during the summer months (Figure 2(b) ). Future changes in glacier supply to karstic springs feeding mainly the eastern Crans-Montana-Sierre region are highly uncertain but are expected to follow the same trends as the overall glacier discharge (Figure 2(a) ).
In the headwater regions, strong altitudinal and east-west precipitation gradients are observed with maximum precipitation of about 1600 mm per year in the eastern and up to 4000 mm per year in the western observation stations. Runoff shows a distinct seasonal variation with minimum flow from December to March, a steep increase in April and maximum flow from May to August (Figure 3) . Interannual variations are large as well, with deviation of about ±25 to 30% in wet/dry years compared to average years or summer seasons (Figure 3) . A total volume of about 140 million m 3 of water per year is available in the headwaters of the study region.
Climate change scenarios 27, 28 were used to calculate water resource availability in the future. By 2040 a slight increase (%) of water flows in summer is estimated, due to further increase of melt water from the glacier; in winter an increase of 7% (at the minimum) is estimated due to an increase in liquid precipitation and in the minimum altitude at which snow falls. Seasonal distribution of mean water resources is expected to change slightly to an earlier seasonal peak (May instead of June) and with slightly less water in late summer and autumn (Figure 3) . Moreover, hotter and drier summers should more frequently be observed in future. 35 Regarding the second part of the 21st century the total amount of available water in summer will certainly decrease, due to the vanishing glacier and a stronger decrease of summer precipitation. First estimates show a water availability decrease of about −15% in the Tseuzier catchment (−20 to −30% in May).
Water Management
The structure of water use management is characterized by a high degree of complexity due to the following factors 20 : (1) the institutional fragmentation into 11 municipalities, whose delimitations do not coincide with hydrological limits, and the altitudinal stratification of economic activities 36 ; (2) the historical development of the region, in particular various phases of development of the tourist resort, 37 which required the construction of important water transfer and storage infrastructures; (3) the presence of a large tourist resort that induces important peaks in water demand during some periods of the year, and influences some specific water uses related to tourism (irrigation of golf courses, artificial snow production). For all these reasons, the infrastructure networks are complex and not fully interconnected, and the water use system-and therefore the water demand-varies from one commune to the other (Figure 4 ). Irrigation is a particularly complex water use that has been difficult to assess for the following reasons. Four kinds of surfaces are irrigated: meadows, vineyards, golf courses, and gardens/lawns (in the residential zones). Irrigation of meadows and vineyards is performed by using a historical network of channels-called bisses-which have existed since the Middle Ages and have been managed by common-pool associations of irrigators called consortages. Today the irrigation system is a complex combination of public and common management, characterized by many informal arrangements. Irrigation in the residential zones varies from one commune to the other: in some parts of the study area water distributed as drinking water is largely used for the irrigation of gardens and lawns, whereas in other parts, parallel supply infrastructures (for drinking water and for irrigation) have been developed. Two specific uses related to tourism have developed during the last decades: first, irrigation of the three golf courses due to dry climatic conditions in summer time, and secondly, since the end of the 1980s, artificial snow production. Finally, as in most Alpine valleys, hydropower production is one of the major water use systems in the area. Only one catchment (the Liène river) has been equipped since the mid-20th century, and today the Tseuzier reservoir (51 million m 3 ) is also used for storing water for drinking, irrigation, and artificial snowmaking.
Hydropower production demands the largest volumes of water (88.5% of the total water used in 2010). The other uses (irrigation, domestic uses, artificial snowmaking) accounted 10.5 million m 3 in 2010 and 13.6 million m 3 in 2011, that is less than 10% of the annual volume of resources (140 million m 3 ). On the annual scale ( Figure 5 ), domestic use is the largest use (after hydroelectricity), with a total demand reaching nearly 8 million m 3 ; 1/8 of these volumes are in fact used for the irrigation of gardens and lawns. 20 Water needs for irrigation vary according to the climatic conditions. Two groups of years are visible: relatively wet years (e.g., 2010), with needs reaching 4-5 million m 3 , and dry years (e.g., 2011), with average needs exceeding 9 million m 3 . Water needs and water supply are, therefore, anticorrelated, with maximum needs in dry years that correspond to years with minimum supply. Water needs for the production of snow and for the irrigation of golf courses are seasonal and not very important at the regional scale. Nevertheless, artificial snow production occurs during the period of low flows and requires, therefore, water storage capacity.
Supply management, legal fuzziness, and institutional complexity dominate today's water governance in the study area. Historically, potential problems of availability and distribution of water have been tackled by searching and transporting water from increasing distances to the places of consumption. 36, 38 Thus, conflicts of interests and competition between different users and usages have been countered and regulated through the depletion of the resource at the cost of high infrastructure investments and the ecological needs. This logic of supply management is still dominant, even if first indications show an increasing interest of authorities to intervene in managing water demand.
The situation of water rights can be summarized as extremely fuzzy. A multitude of rights (for irrigation but also between municipalities or landowner associations) are not defined in written documents. Actors are thus referring to rights, contracts or agreements, to which all stakeholders comply, but no overview and clarity of the legal situation is accessible in order to render transparency. The problem here is the difficulty of creating a comprehensible basis for the (re)negotiation of certain use or property rights toward more equity between users. Nevertheless, a rather positive feature is that the system is quite flexible and easily adapting to face local water stress situations. 26, 37 The legal fuzziness is also due to a multilayered density of institutions with different rights, authority or responsibility over different types of water. The legal, political, and economic relationships that exist among different stakeholders, such as local authorities, irrigation channel associations, landowner associations, a hydropower company, winter resort enterprise, and tourism association, are multiple and complex. Negotiations and bilateral or multilateral agreements on the level of technicians or political authorities 38 render the management situations rather opaque for outsiders and fully democratic decision-making processes are not present.
Water Stress
The calculation of water resources and water demands shows that there is no water stress at the moment at the annual scale. 20 The estimation of future water uses around 2050 was performed by combining the use of the regional climatic scenarios CH 2011 27, 28 and the four developed visions. 25 Regional climatic changes were important to consider due to their impacts on some water needs such as irrigation (increased temperature and evapotranspiration; decreased summer rainfall) or artificial snowmaking (elevation of the natural snowline). As stated above each development vision was translated into changes in land use. Both mean and maximum needs (in dry years) were calculated. Results show a rather large spectrum (from −13 to +24%) of water need changes according to the various regional development strategies (Table 2) , which are much higher than the changes in water availability (+1% in summer, +6% in winter) due to climate change. Visions 1 and 2 clearly increase the water demand, whereas visions 3 and 4 reduce the water demand mainly because of the decrease in water needs for irrigation-due to technical and institutional improvements-and the transition toward 'soft' tourism. Local authorities should, therefore, choose a development strategy (3 or 4) that lowers the impact on water needs; this kind of strategy needs dramatic changes in the regional development and land planning policy.
It seems that even in the business-as-usual scenario the annual mean water stress will only moderately increase by the mid-21st century because of the slight increase in the water resource and of the current low rate of water demand (<10%) in relation to the resource. It could be argued that no change in the current practice is required. Nevertheless, in dry years each development scenario shows an increase in the annual water demand (around +60% in visions 1 and 2, +18% in vision 3, and +49% in vision 4; Table 3 ). This means that even if the annual mean water stress will not increase dramatically, situations of water stress will occur in dry years, because of the interannual climate variations, especially in visions 1 and 2. Moreover, modeling of the water availability and water demand at the monthly scale 39 shows two periods of water stress: in winter (January-March), that is already the case due to low river and spring flows in winter and high water demand in the tourist resort of Crans-Montana; in the second part of summer (August-September). Increasing water stress in this second period is clearly a new trend and is related to the changes in the hydrological regimes of rivers (shift of flow peaks into the first part of the summer), the decrease of summer rainfall rates, and the increase of evapotranspiration due to temperature elevation, but also to the increase of water needs, especially for irrigation. Again, the local water stress at the monthly scale is estimated as higher in visions 1 and 2 than in visions 4 and 3.
Water Sustainability
Sustainable water management systems should allow the current generations to meet their societal goals in an equitable way while at the same time maintaining the options of the future generations to live the life they value. 40 This means that water management systems can be regarded as sustainable when they contribute to the societal goals of regional development, maintain the ecological and hydrological integrity, respect issues of social and environmental justice, and have a high degree of adaptive capacity. 22, 34 In order to assess the mentioned dimensions of sustainable water management, each of the four mentioned principles was divided into a set of subprinciples (Table 3) . Subsequently, all those principles were evaluated taking into account the totality of available research results. 22 The sustainability assessment revealed that the present water management system of CransMontana-Sierre generally enables the societies to develop their region in a desired way. It allows fulfilling basic domestic water needs, and use of water for economic purposes such as agriculture, tourism, and hydropower as well as recreation and enjoyment. The sustainability of agriculture is rated a bit lower as in dry years water shortage can become a serious problem for agricultural irrigation. 20, 25 However, justice issues are a major concern when a real sustainability assessment has to be made 41 : costs and benefits of water are very unequally distributed, decision-making processes are not always transparent and there is no organization or platform allowing all affected stakeholders and municipalities to reflect and coordinate on regional dimensions of water governance. Moreover, the stakeholders' capability to access water is very unequal. 26 The ecological and hydrological integrity as well as the adaptive capacity were both rated as medium. While the quality and quantity of groundwater is regarded as good to very good, the quantities of surface water are thought to be insufficient mainly due to the widespread reflectance of residual water. The adaptive capacity is generally rather strong regarding retrospective adaptation, but weak when it is about more proactive and foresighted solutions. 26 The assessment of the different future visions provided very heterogeneous results. 22 Vision 1 leads to a clear decline of the overall sustainability mainly due to increased water demands coupled with unwillingness of institutional reforms such as improved collaboration or clarification and renegotiation of water rights. Visions 2 and 4 lead to an increase and vision 3 to a strong increase of the overall sustainability. Although the final rating of these three visions is rather similar, the underlying reasons are very different. For example, while vision 4 expects a much more extensive infrastructure development than vision 3, the latter is generally assessed as more positive as the general water demand is lower due to fundamental institutional reforms (not considered in vision 4). Thus, the differences in the assessment of the four visions are the result of the vision's distinct assumptions regarding the following three factors: regional development and its water demands, infrastructure development as well as institutional reforms. It is the interplay of these three factors, which accounts for the differences in the assessment. However, as the in-depth assessment showed, the institutional reforms are of particular importance, as without them, also extensive infrastructure developments may not unfold their potential.
DISCUSSION AND CONCLUSION
Interdisciplinary Research
Modeling of future water systems is usually based on quite simple assumptions concerning future water demand (e.g., population changes). Nevertheless, as current water systems are usually very complex, with multiple competing uses, multiple groups of actors, and sophisticated formal and informal rules, the estimation of the future water demand needs to take into account this complexity. An interdisciplinary approach-as with the one used in this research-helps developing scenarios concerning future water management. Field measurements (e.g., river flows, hydrogeological measurements) and physical modeling (glaciological, hydrological) helped researchers and local stakeholders to understand the functioning of their water system; these data also allowed us to answer crucial questions such as the date of the glacier disappearance or the volume of future water resource. On the other hand, numerous meetings with the local stakeholders throughout the research (3 years) allowed us to understand the importance of informal rules in the today's water management and to propose several scenarios for future regional development in the studied area. The discussion with the stakeholders of three scenarios-that were elaborated by the researchers on the basis of ideas provided by local actors-resulted in the elaboration of a fourth scenario, viewed by the stakeholders as their common vision for the future. These four visions were then at the core of the modeling phase of the future water demand 25 and therefore participated to the elaboration of an important part of the results of the research. Finally, inside the research team, interdisciplinary (between natural and social sciences) analyses were very successful in the assessment of the sustainability of current and future water systems.
22
Governance Messages
This study not only aimed at analyzing the regional water system, but also at proposing options for more sustainable water management to the stakeholders. Based on the above summarized information, five key messages were formulated:
1. The socioeconomic changes have a greater impact than climate change on the water system in 2050. 2. The water quantities available now and in 2050 are generally sufficient. However, shortages are possible in some areas and seasonally. 3. Moving toward more sustainable management requires complementing local water management by a regional platform and coordination. 4. Intermunicipality development of infrastructure can help ensure sustainable water supply, but only if infrastructure is integrated into ambitious institutional reforms. 5. To achieve a sustainable regional water management, improved data management and transparency is needed.
These messages were communicated to the stakeholders and to the regional and national media. Even if most of the messages pointed to the necessity to take measures to improve water management at the regional scale, and therefore pushed the stakeholders to be active, it appears that the stakeholders heard mainly one message: the fact that water quantities will remain sufficient in 2050 to satisfy most of the needs. However, the message was ambivalent: while there should be few problems at the annual average scale, this is not the case between years or within years. Hence, the biggest challenge was not obtaining a robust assessment, but how to communicate it and translate it into actions (both, due to the ambivalent message and the stakeholders' perception and (un)willingness). Thus, the question was not only about producing knowledge, but how to facilitate learning.
A second problem was the time scale. For the climatic and hydrological processes, the mid-century horizon shows few changes, and in this case study an increase of the annual resource due to glacier melting is predicted, whereas it is clear that the situation will deteriorate from 2060 onwards. On the other hand, modeling the regional situation at a 40-year horizon was ambitious due to several uncertainties (economic and political changes), and estimating the region's shape in the second part of the 21st century was not realistic. Again, we were facing the problem of the ambivalent message that climate change will have moderate impacts in 2050 but high impacts in the distant time horizon toward 2100. However, if nothing is done now (business-as-usual), serious management problems will arise in the second part of the 21st century. For that reason, at the same time management changes were recommended. For the stakeholders there was, therefore, the question of the need to change if there are few problems in the next 40 years, longer than the life time typical of their jurisdiction.
A third point was the role of the visions. Our results demonstrated which scenarios were better adapted in terms of water demand and water management sustainability, but the key issue was to make the best scenarios adopted by the decision-makers. In this sense, the co-construction of the visions, and the elaboration by the stakeholders of their shared vision, should help them to initiate governance reforms.
Conclusion
The in-depth interdisciplinary and transdisciplinary research carried out in the Crans-Montana-Sierre region allowed us to answer the question how the water systems might evolve by the 2050 horizon, and to highlight the factors responsible for the variations in water availability and water demand. An interdisciplinary and transdisciplinary approach was favored, both in the research team (specialists of natural and social sciences) and by the collaboration with a group of stakeholders that helped understanding the complexity of the current water management. Four visions of regional development co-produced by the researchers and the stakeholder group were 'translated' according to their impacts on the future water demand. They highlighted the fact that socioeconomic drivers will matter more than climate factors in the future water stress in the area. The results could be formulated into five key messages showing that although few problems are to be expected by 2050, governance reforms must be undertaken now to improve regional water management sustainability and to avoid acute management problems in the second part of the 21st century.
This research highlights the fact that modeling of the future water management at the regional scale must take into account the complexity of both natural and social aspects of the current water system in the modeling procedure. Interdisciplinary research and co-production of results with stakeholders are prerequisites to address this issue.
